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INTRODUCTION 
Malnutrition Is a serious problem In developing 
countries and Is the single most Important factor associated 
with the high mortality rate among children under five years 
(Gabr, 1987; Balragl, Chowdhury, Kim & Curlln, 1985). The 
Fifth World Food Survey report defines malnutrition as "any 
physical condition Implying 111 health that can be brought 
about by an Inadequate diet." Undernutrition as well as 
specific nutrient deficiencies are Included In the 
definition of malnutrition (FAO, 1987). Protein energy 
malnutrition Is the term applied to malnutrition resulting 
from a deficiency In protein and calories. 
Undernutrition or calorie deficiency Is the most severe 
and pervasive condition among children In the developing 
countries (Place, 1981; Johnston, 1980). This problem Is 
attributed to two Interacting factors; Insufficient food and 
the provision of foods that are of low nutrient density or 
high bulk (Place, 1981). The problem of undernutrition 
emphasizes dietary energy as a general measure of food 
adequacy. Dietary energy is used because if dietary energy 
derived from normal staple foods is increased, more 
consumption of protein and other nutrients will occur. An 
increase in Intake of protein and other vital nutrients in 
the absence of adequate dietary energy is not likely to 
benefit the individual (FAO, 1987; Place, 1981). 
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Besides a lack of food, other environmental factors 
such as poor sanitation or Infectious and parasitic 
diseases, may be Involved In undernutrition (Barrett and 
Frank, 1987; Jansen, Horelll & Qulnn, 1987). Calorie 
deficits not only are related to infant and child mortality 
but also to child growth and life expectancy (Newmann, 
Jelllffe Sc Jelliffe, 1980). Even though survival rates of 
children have Increased considerably in most countries in 
the last two decades, Africa still witnesses high infant and 
child mortality rates (Leslie, 1988). 
Throughout Eastern and Southern Africa, about one third 
of all young children are chronically undernourished 
(Alnwick, Moses & Schmidt, 1987). In Kenya, chronic, mild-
to-moderate food deprivation is the most common nu­
tritional problem and affects 24% of children 3-60 months. 
However, the actual prevalence is varied and ranges from 36% 
in Coast Province, to 20% in Rift Valley and Central 
Province (UNICEF, 1984). The infant mortality rate is 
76/1000 (Population Reference Bureau, 1989). 
Studies in the past have focused on the effects of 
severe malnutrition, although it is now known to affect a 
smaller proportion of children than the moderately 
malnourished. Severe malnutrition affects intellectual 
development especially if occurring in the first 6 months as 
well as the period from 6 months to 2 years of life (Gabr, 
3 
1987). Studies In this area have looked at the effect of 
malnutrition on cognitive function as well as on social 
competence. There Is recognition that the effects of severe 
malnutrition on a child's development extend beyond the 
effect of the social and cultural deprivation that normally 
accompany malnutrition (Slgman, Neumann, Baksh, Bwlbo & 
McDonald, 1989) 
Chronic mlld-to-moderate malnutrition Is more prevalent 
but the effects are less clear. Preliminary studies suggest 
that mlld-to-moderate malnutrition reduces a child's 
activity level, as well as his/her ability to respond to the 
environment (Gabr, 1987; Pelto & Pelto, 1969). The effects 
of chronic malnutrition on growth may be permanent and even 
If not permanent, serve as a risk factor for development of 
subsequent disease states (Martorell, 1989; Johnston, 1980). 
Generally the effects of mlld-to-moderate malnutrition on 
health and mental function may be more significant for a 
society than the Increased mortality due to clinically 
severe malnutrition (Johnstone, 1980). The magnitude and 
specific functional handicaps of the marginally 
undernourished are less defined (Gabr, 1987), but these 
children appear to be at as high a risk as their more 
severely malnourished peers. 
Studies have shown that the poor growth of children 
starts early In life. Martorell (1980) Indicated that In 
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less developed countries the rate of growth of Infants 
begins to falter at age three months In comparison with the 
World Health Organization (WHO) standards that are based on 
the National Center for Health Statistics (NCHS). Fewer 
studies have examined the Intake of supplementary food In 
conjunction with the growth Indicators. 
The purpose of this research was to assess the growth 
pattern characteristics of Infants 0-6 months In a rural 
area In Kenya. The Infants' growth pattern also was 
evaluated against other related variables (Including 
socioeconomic status and mother's height and age) that would 
provide explanations for children's nutritional status. The 
data for this study are a result of a longitudinal study 
that was carried out by the Nutrition Collaborative Research 
Support program (CRSP) In Kenya, one of a three country 
study on nutrition and human function. Data were provided 
by 247 households studied for a period of 1 to 2 years. The 
sample consisted, among other targeted household members, of 
247 lead males and females. Including women followed from 3 
to 4 months of pregnancy until 6 months post partum, and 133 
infants born Into the study. Objectives were to: 
1. examine the level and profile of growth of Infants 
In comparison to WHO reference standards; 
2. assess the relationship between supplementary food 
Intake and growth; and 
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3. explain the relationship between socioeconomic 
status indicators and growth. 
Definitions 
Household ; A group of Individuals living together and 
sharing cooking, eating and sleeping arrangements, being 
interdependent economically, and having a recognized head of 
household. 
Malnutrition; a state that adversely affects growth and 
development of body functioning as a result of either an 
inadequate or an overabundant supply of kilocalories or 
nutrients to body tissues (Williams & Caliendo, 1984). 
Overabundance is associated with many diseases in affluent 
countries, whereas the problem of inadequacy in kilocalories 
and nutrients is more common in developing countries, in 
this study, the term malnutrition is used to denote 
undernutrition. 
Undernutrition; dietary intake below certain minimum 
requirement levels, whether or not accompanied by inadequate 
intakes of protein or other specific nutrients. 
Growth velocity; the rate of growth of children, in 
stature, weight, and other anthropometric measurements of 
concern. Derived by measuring a child at two points of 
time, calculating the difference between the two measure­
ments, and dividing by the time interval between them. 
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REVIEW OF LITERATURE 
In accordance with the purpose of the study which was 
to examine the growth trends of infants in Kenya, three 
areas of literature were reviewed. These areas included a 
description of the study area, malnutrition and related 
consequences on children, and growth and anthropometric 
assessment. 
Description of Study Area 
The country 
Kenya is on the eastern coast of Africa along the 
Equator, and covers 564,000 square kilometers (UNICEF, 
1984). Approximately seventy-five percent of the land 
surface is dry savanna and semi desert. Only 12 percent of 
the land is agriculturally high potential and an additional 
6 percent is of medium agricultural potential. As a result 
only about one-third of the country is inhabited (UNICEF, 
1984). 
Kenya's population as of 1989 was estimated at 22.4 
million with a natural rate of increase of 4.1 percent per 
annum (Population Reference Bureau, 1989). This high and 
accelerating growth has been attributed to increasing 
fertility and declining mortality. Twenty-one percent of 
the population is under five years, and overall the age 
group 0-14 years comprises 51 percent of the population. 
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The Infant mortality rate is 76 per 1000 (Population 
Reference Bureau, PRE (1989)). This mortality rate is a 
significant decline from the 1969 figure that was 119 deaths 
per 1000 in the first two years of life. About 40 percent 
of the infant deaths are believed to occur during the first 
month (UNICEF, 1984). Although great variations in infant 
and childhood mortality rates exist among Kenya's provinces, 
the variations are masked by the national average. One 
report estimated that some districts had early childhood 
mortality rates as high as 195 per 1000 while the lowest 
district had 49 per 1000 (UNICEF, 1984). The high levels of 
early childhood mortality are associated with the prevalence 
of malaria and malnutrition. 
Nutritional stunting or chronic malnutrition is the 
most common form of malnutrition among children and is 
aggravated by frequent infections and parasitic diseases. 
In Kenya there is also a strong inverse relationship between 
infant mortality and mother's education; infants of mothers 
with at least seven years of primary education show 
one-third the risk of Infant death that of Infants of 
mothers with no education show (Central Bureau of Statistics 
(CBS)/UNICEF, 1984). 
General health conditions in Kenya have improved 
considerably during the past two decades. Evidence for this 
improvement is reflected by the decline in death rate, the 
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drop In Infant mortality rate and the Increase in life 
expectancy at birth, from 35 years in 1962 to 54 in 1989 
(Central Bureau of Statistics (CBS)/UNICEF, 1984). However, 
despite this improvement, there are large segments of the 
population and certain regions of the country that remain 
poor. Improvements in health are not uniformly distributed 
due to varying ecological and climatic conditions, and 
trends in socioeconomic development, in addition, the rapid 
increase in population continues to increase the demand for 
health services, thus limiting the resources available to 
provide more and better health for all Kenyans (CBS/UNICEF, 
1984). 
The population growth pressure on land is another 
factor affecting food production and consequently food 
availability. Even though agriculture is the mainstay of 
Kenya's economy, it is done on very limited land because 
only about 20 percent of the land is designated as high or 
medium agricultural potential land. As the land pressure 
Increases in high potential areas with the increase in 
population, big farms have been subdivided, sometimes too 
extensively with a resulting loss in food production (World 
Bank Report, 1983). Land availability is therefore related 
to food availability in the country. 
Land ownership is also another factor related to food 
availability and consumption. The majority of people in 
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Kenya live In rural areas and depend on agriculture for 
their livelihood, mainly In small holdings. The landless 
people are therefore at greater risk of being food poor and 
consequently at risk of malnutrition. Food poverty 
decreases steadily with Increased landholdlngs (Greer & 
Thorbecke, 1986). 
The study area 
The Nutrition Collaborative Research Support Program 
(CRSP) In Kenya selected Kyenl South Location In Embu 
District (Eastern Province) as the site for the study. Embu 
District Is located in central Kenya, 160 kilometers 
northeast of Nairobi, on the southeastern slopes of Mt. 
Kenya. The area thus comprises part of the country that has 
fertile volcanic soils. The District Is made up of three 
divisions: Runyenjes, Slakago, and Gachoka. Runyenjes 
Division has six locations and Kyenl South Location Is one 
of these, within Kyenl South Location the study was 
conducted In three sublocatlons: Kathanjure, Karurumo and 
Kathungurl (see Map l). 
The area can be divided Into two distinct geographical 
areas, upper and lower zones. The upper zone has an 
altitude of 4,000-5,000 feet, and covers Kathanjure and 
Kathungurl. The lower zone covers Karurumo and part of 
Kathungurl and the altitude Is between 3,000-4,000 feet 
M'C # HariitlcMltr 
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KMtimmmi 
Map 1. The Nutrition CRSP Kenya Project study area (the study area 
is comprised of the Kyeni South Sublocations of Kathanjure, 
Kathungurl, and Karurumo; the Kenyi South Sublocations of 
Klgumo and Kasafarl lie to the north and east of the study 
area, respectively) 
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above sea level. The land drops gently from the upper to 
the lower zone but the terrain is interrupted by ridges and 
valleys. The upper zone has a variety of loamy and clay 
soils. Permanent streams are few and their volume varies by 
season (CRSP Kenya Project Report, 1987). 
There are two primary rainy seasons: the "long" rains, 
from March to May, and the "short" rains, from October to 
December. The heaviest rainfall is in April and November. 
The upper zone normally receives over 1000 mm of rain 
annually, while the lower zone is semi-arid and normally 
receives 550 mm per year. June and July are the coldest 
months of the year, while January, February and October are 
the hottest months. The upper zone is cooler, receives more 
rainfall, is more agriculturally productive, and because of 
this is more densely populated than the lower zone. 
The population 
The Embu tribe is the dominant tribe in Embu District 
and belongs to the large Bantu ethnic group. The population 
of the area is growing rapidly and is said to have tripled 
over the last 60 years (Haugerud, 1984). There are 
approximately 180,000 Embu in total, as per the 1979 census, 
and over 11,000 of them are in the study area. Fifty-one 
percent of the population is under the age of 15 years (see 
Figure 1 and Figure 2). 
The population also is characterized by low migration 
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rate and low labor translocation (CRSP Report, 1987). From 
the 1979 Census, only 8.8 percent of the population lived 
outside Embu (Haugerud, 1984). Embu has witnessed an 
increase in population density along with the increase in 
population, so that between the period 1969 to 1979 the 
average density increased from 162 to 251 persons per square 
mile. The Runyenjes Division of Embu District had 861 
persons per square mile in 1979 (Haugerud, 1984). 
Food production and economic activities 
The Embu of Kyeni South location are small land-holding 
agriculturalists and produce both subsistence and cash 
crops. The main food crops are maize, beans, millet, 
sorghum, arrowroot, bananas, potatoes and cassava. The 
principal cash crops are coffee, tobacco and cotton. In 
addition, the Embu households keep small numbers of 
livestock, such as cattle, goats and chickens, mainly as a 
form of capital and a resource to fall back on during times 
of drought or famine (CRSP Report, 1987). 
The people of Embu also engage in both temporary and 
permanent wage labor, either in agricultural work or in 
locally available jobs such as carpentry, tailoring and 
blacksmithing as well as in rural services such as shops, 
hotels, and restaurants. People also earn money by selling 
locally produced commodities such as charcoal, milk, wood 
and honey. The local market places serve as exchange places 
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for food and material goods while the marketing of cash 
crops is done through government or corporate institutions 
such as the Cooperative Farmers Society and the British 
American Tobacco Company that handles coffee and cotton 
respectively (CRSP Report, 1987). 
Community services 
In comparison to other less fertile and scarcely 
populated rural areas of Kenya, Kyeni South Location is well 
served with government and private social services. These 
include primary and secondary schools, health centers, a 
water project and a network of feeder and rural access 
roads. The Ministry of Agriculture provides extension staff 
in the Kyeni South Location who assist farmers in acquiring 
new technologies and information on farming. In addition, 
extension staff from the Ministry of Culture and Social 
Services provide assistance to community initiated type of 
projects (CRSP Report, 1987). 
There are three secondary schools and nine primary 
schools. The local communities are actively involved in 
providing material and financial support to these schools. 
Village polytechnics provide a nonformal type of instruction 
in areas such as carpentry, tailoring and mechanics. Health 
care services are provided by both government and private 
organizations, and comprise a Catholic mission hospital and 
the Karurumo Rural Health Training Center. The water 
15 
project in the area was designed for domestic use and is 
capable of providing water to 15,000 residents (CRSP Report, 
1987). 
Health status 
The CRSP study group reported malaria, diarrhea, 
intestinal parasites, upper respiratory tract infections, 
eye, ear and skin infections as the most prevalent diseases 
in Kyeni South Location. This morbidity pattern is 
consistent with the general morbidity pattern for the 
province. The five most common illnesses in infants and 
children in Eastern Province are pneumonia, diarrhea, 
measles, malaria and acute respiratory infections (CBS/ 
UNICEF, 1984). Malnutrition also affects a fair proportion 
of the children. Twenty-seven percent of the children under 
5 years of age in the province are stunted while Embu 
District has 22 percent of this age group stunted. Infant 
mortality rate for Eastern Province is 77 per 1000 live 
births, and 52% of these are neonatal deaths. 
The nutritional status of a community is the end result 
of the interaction of a whole range of different physical, 
biological, and cultural factors in the ecology (Zerfas, 
Jelliffe & Jelliffe, 1986). The nutritional status of the 
vulnerable groups, such as the young child population, is 
especially indicative of the level of nutrition in a 
community. The following section addresses issues of 
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Importance in the area of undernutrition and its assessment, 
with particular reference to developing countries. 
Undernutrition and Consequences on Children 
The Fifth World Food Survey report distinguishes 
between undernutrition and malnutrition. Undernutrition is 
defined as the result of insufficient food, while 
malnutrition results from deficiencies of specific nutrients 
or from diets based on the wrong kinds or proportions of 
foods (FAO, 1987). 
Undernutrition is the situation that is more common in 
developing countries and is caused primarily by an 
inadequate intake of dietary energy, whether or not there is 
inadequate intake of a specific nutrient. Insufficient food 
and giving children food that is high in bulk are causes for 
the low calorie diets (FAO, 1987; Place, 1981) 
In the past, nutrition problems in less developed 
countries were focused on the 'protein gap' (Insufficient 
protein supplies). However, this masked the more basic 
problem of low calorie intakes that is most severe and 
pervasive among children. Generally, if the recommended 
calorie intake is met using mixed cereal diets, the 
recommended protein intake is likely to be achieved (Place, 
1981). 
Calorie deficiencies in children begin to occur around 
6 months of age, when breastmilk is not sufficient or when 
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the children are given Insufficient formula. The 
consequence of the resulting malnutrition Is poor growth and 
development. In areas where mothers still breastfeed 
adequately, child growth Is Initially up to the WHO 
reference standards, and In some communities even better 
(Maletnlema, 1986). This good growth seems to be maintained 
up to the age of 4-6 months, after which growth retardation 
Is likely to follow due to poor selection of weaning foods 
and poor feeding practices. 
Inadequate access to food Is not the only problem 
leading to undernutrition. Other environmental factors such 
as poor housing, poor sanitation, large family size. 
Inadequate or unsafe water supply. Infectious and parasitic 
diseases, and limited educational and occupational 
opportunities are all Involved In undernutrition (PAO, 1987; 
Barrett & Frank, 1987; Jansen, Horelll & Qulnn, 1987; 
Rlcclutl, 1985). Infectious diseases resulting In diarrhea, 
malaria and measles, not only Increase dietary requirements 
but also depress appetite, thus lowering food Intakes (FAO, 
1987). Therefore, malnutrition primarily occurs In poor 
families confronting the adverse socioeconomic and 
environmental conditions typically associated with poverty 
(Rlcclutl, 1985). 
Poor growth has been mentioned as an Indicator of 
malnutrition. Change In growth pattern Is one of the major 
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and most easily measured responses of children to dietary 
changes or to Infections. Diets that are poor In both 
quantity and quality, and high morbidity rates, result In 
reduced growth rates and delayed maturity (FAO, 1987). 
Extensive growth retardation means that the risk of 
permanent Impairment of function, and probably death, rises 
sharply (FAO, 1987). Undernutrition has been highly 
associated with the high mortality rate among Infants and 
children under five years of age (Gabr, 1987), and also to 
life expectancy (Newmann, Jelllffe & Jelllffe, 1980). 
Severe malnutrition is represented in two forms 
commonly known as kwashiorkor and marasmus, or a 
combination, and collectively referred to as protein energy 
malnutrition (Maletnlema, 1986; Place, 1981). Protein 
energy malnutrition results from a deficiency in protein and 
calories. Kwashiorkor and marasmus are two extremes 
depicting the clinically malnourished and typically occur in 
combination with various infections and parasitic diseases 
(Ricciutl, 1985). 
Studies in the past have focused on the effects of 
severe malnutrition and a major concern has been the 
possible consequence on mental development. Studies in this 
area have looked at the effect of malnutrition on cognitive 
function as well as on social competence and adaptive 
behavior (Gabr, 1987). 
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Malnutrition may lead to Impairment of Intellectual 
function especially if nutritional deficits are early 
(within the first two years of life), severe, and long 
lasting without treatment (Gabr, 1987; Ricciuti, 1985). 
However, the effect of malnutrition on intellectual function 
should not be interpreted as a direct causal relationship as 
was the case in the 1960s and early 1970s. Recently, the 
complexity of the relationship between malnutrition and 
mental development has been recognized and it is difficult 
to make a meaningful evaluation of the independent effect of 
malnutrition. Greater attention is now focused on ways in 
which nutritional and social environmental factors interact 
to jointly influence psychological development (Ricciuti, 
1985; Williams & Caliendo, 1984). 
Child growth has been associated with socioeconomic 
status. Studies have found clear cut growth differences 
between children in rich and poor socioeconomic classes 
(Stinson, 1983). An analysis of socioeconomic differences 
facilitates a look at environmental variables such as family 
size, quality of housing, and landholding size, that may be 
immediately connected with growth failure (Stinson, 1983). 
Although early and severe malnutrition occurs with 
considerable frequency in poorer populations of developing 
countries (3-5 percent), the most widespread type of 
malnutrition is the mild-to-moderate chronic undernutrition 
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(Riccluti, 1985; Place, 1981; Bhattacharyya, 1986; Gabr, 
1987) noted in linear growth retardation or stunting. 
Children who suffer this type of malnutrition are small 
compared with children from developed nations. The 
magnitude of the marginally undernourished needs to be 
identified. A further question of concern is whether 
marginal malnutrition handicaps children in any way and to 
what extent nutritional factors may account for the small 
body size in different sociocultural and economic settings 
(Gabr, 1987; Ricciuti, 1985). 
Recent studies Indicate the possibility that moderate 
malnutrition reduces a child's activity level and the 
child's ability to utilize and respond to his/her 
environment (Barrett & Frank, 1987; Gabr, 1987). Children 
who suffer from the mild-to-moderate malnutrition may thus 
be in as high a risk as their more severely malnourished 
peers for later socioeconomic dysfunction (Gabr, 1987). 
Identifying children with the mild-to-moderate form of 
malnutrition as opposed to those with the clinically obvious 
and severe malnutrition is a much more difficult process. 
Accurate assessments of nutritional status are difficult to 
secure in children with mild-to-moderate malnutrition due to 
the broad range of nutritional variation. Meaningful 
evaluation and Interpretation of a child's nutritional 
status requires use of a variety of measures. Nutritional 
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assessment usually Involves three types of measures: 
assessment of food Intake; clinical and physical 
evaluations, including various anthropometric measures such 
as height and weight; and biochemical evaluations of 
specific nutrients from blood and urine samples. These 
assessments are most valid when used In combination with one 
another (Rlcclutl, 1985). 
Infant and child growth 
Growth Is the measurable result of various genetic and 
environmental factors which affect all children. Growth is 
a continuous process beginning at conception, proceeding in 
utero and throughout Infancy, childhood and adolescence, and 
stopping at the end of the adolescent growth spurt at about 
18 years of age (Gracey, 1987). The rapid process of weight 
gain that occurs prior to birth continues into postnatal 
life so that the first few months of life also are 
characterized by rapid growth in weight and height. Energy 
requirements of the neonate are two to three times those of 
the adult when given per body weight. 
The rapid growth is apparent when expressed in terms of 
the velocity or gain in weight and length over this early 
period of life. When studying growth, particularly in the 
early months of life, Falkner (1985) suggests that the 
incremental periods be short in order for the actual pattern 
of growth to emerge and not be hidden. 
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Maternal genetic factors, perinatal and nutritional 
factors are among the complex factors that contribute to 
variation In fetal growth. Maternal height and weight gain 
In pregnancy are factors that correlate well with fetal 
growth (Gracey, 1987). A mother not achieving her own 
growth potential, due to malnutrition or other environmental 
factors. Is likely to have smaller fetuses and newly born 
Infants (expressed In birth weights), than a mother In 
better circumstances (Falkner, 1985; Delgado, Lechtlg, 
Yarbrough, Martorell, Klein & Irwin, 1977). 
Growth studies among children In developing countries 
show wide variation with regard to when, and by how much 
growth begins to falter (Martorell & Hablcht, 1986). In 
these countries, children generally depict normal growth In 
the first few months of life, primarily because of 
breastfeeding (Martorell, 1980; Kim a Polllt, 1987). After 
about three months, growth rate Increasingly becomes 
Inadequate due to Insufficient nutrient Intake, mainly from 
breastmllk, and due to Increased exposure to Infections, or 
to both (Kim & Point, 1987). These children are thus 
generally smaller than their counterparts In well nourished 
populations. The possibilities for catch-up growth are also 
very limited once the child reaches 3 to 5 years of age 
(Martorell, 1985). 
Improvement In nutritional status of pregnant and 
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lactatlng women Is associated with significant decrease In 
the prevalence of physical growth retardation up to six 
months of age and also a reduction In the associated risk of 
Infant mortality that Is common among low birth weight 
Infants (Delgado et al., 1977; Lechtlg & Klein, 1981). 
Undernutrition during the brain growth spurt, which occurs 
In mid-pregnancy and continues Into the second postnatal 
year, may result In deficits In any or all of the 
developmental processes occurring In the brain (Dobblng, 
1985). 
Longitudinal and cross-sectional data 
Growth Is a dynamic process and Involves change. 
However, the growth of a child Is commonly judged using 
reference growth charts that depict the expected attained 
status at a specific age. These charts are recommended for 
use In cross-sectional studies or for screening purposes as 
the data from which they are derived are based mainly on 
cross-sectional studies. Judgements are thus made 
concerning the sum of changes from conception. The 
effectiveness of the charts Is limited If one Is Interested 
In determining the progress of a child (Roche & Hlmes, 1980; 
Gracey, 1987). 
The longitudinal study of physical growth provides 
Information on the level and profile of an Individual's 
development. The longitudinal type of data can be used to 
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assess rates of growth In children, a factor that Is able to 
detect stunting more effectively than a cross-sectional 
study. 
Cross-sectional studies often Include examination of 
statistically representative sections of the population for 
the variables of Interest. Most of the data used to compile 
growth charts and standard reference tables Is taken from 
cross-sectional studies. Cross-sectional studies provide a 
single measurement taken at a single point In time. For a 
growing child, such a measurement Integrates the whole of 
the growth progress up to the time It Is made (Healy, 1986). 
The measure gives a good Indication of the child's lifetime 
experiences, but not his current growth status. The 
cross-sectional study also falls to provide information on 
the variability of the amount of growth. 
Longitudinal studies, though less frequently used, are 
more advantageous in growth studies. Longitudinal studies 
provide continuity and help demonstrate the dynamic nature 
of growth over time. Growth can then be expressed as growth 
velocity over measured time periods. Points of rapid growth 
or declines in growth are better Illustrated using 
longitudinal data. Determining growth velocity is more 
effective in showing changes in growth than when charts of 
attained weight or height are used. Velocity growth 
standards have been developed (Roche & Hlmes, 1980) and 
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observed Incremental values can be compared to the reference 
value at the age at the end of the increment (Gracey, 1987). 
Incremental growth shows positive or negative change over 
time. Therefore, growth increments for a reference 
population are a more sensitive means of assessing changes 
in growth rates, of detecting abnormal growth in 
individuals, as well as evaluating the effects of therapy on 
growth rates (Baumgartner, Roche & Himes, 1986). The major 
limitation of the longitudinal approach to studies is the 
time involvement on the part of the researcher and the 
subject as well as the financial commitment (Gracey, 1987). 
Anthropometric assessment 
Anthropometry is widely accepted as the most practical 
and useful tool for assessing nutritional status of children 
(WHO Working Group, 1986). The basic measurements usually 
considered are age, weight and height. The values derived 
from each of these measures are meaningless by themselves 
and therefore they are used in combination to form an index. 
Indices provide a means for the interpretation of 
measurements and for grouping them (WHO Working Group, 
1986). Using these measurements, malnutrition has been 
classified to represent the varying levels or degrees in 
which it occurs. For instance, the significance of growth 
retardation is best illustrated by distinguishing between 
stunting and wasting following the Waterlow classification 
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(Waterlow, 1976). A deficit In weight for height represents 
wasting, whereas a deficit In height for age represents 
stunting (Bhattacharyya, 1986; Martorell, 1980). This 
classification can be used for the diagnosis of malnutrition 
In the community. 
Waterlow's (1976) classifying procedure for the varying 
levels of malnutrition was an Improvement over the age 
dependent classifications proposed by Gomez et al. (1956), 
and modified by Jelllffe (1966). The weight for age 
classification Is the most simple and widely followed and 
has been recommended by the joint FAO/WHO expert committee 
(Bhattacharyya, 1986). However, the use of this Index Is 
limited In that weight alone as a measure does not take Into 
account the duration of the deficiency state nor of any past 
Illness. It Is also age-dependent and In many countries It 
Is not always possible to determine the age of a child. The 
Index also Is Inappropriate In an edematous child 
(Bhattacharyya, 1986). The WHO Working Group (1986) states 
that weight for height and height for age together account 
for more than 95% of the variance In weight for age. The 
weight for age Index thus represents the sum of the 
Information given by the other two Indices. As such, the 
index would only be useful in giving an overview of the . 
distribution of nutritional problems in a country (WHO 
Working Group, 1986). 
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Height for age, on the other hand, indicates chronic or 
past malnutrition and is a useful measure of the duration of 
malnutrition (Bhattacharyya, 1986; Grantham-McGregor, Powell 
& Fletcher, 1989), and refers to retardation in linear 
growth or stunting. Martorell (1985) further described 
stunting as growth that is less than 90% of the median 
height for age. Length, unlike weight, cannot be lost and a 
significant degree of stunting invariably must represent a 
relatively long period of decreased growth velocity. A 
study by Grantham-McGregor et al. (1989) suggested that a 
large part of the deficit in mental development found in 
severely malnourished children can be explained by factors 
associated with stunting. 
Wasting, or a deficit In weight for height, reflects a 
recent nutritional deficit and can be established very 
quickly. Wasting describes the relationship of body mass to 
length and is less than 80% of median weight for height 
(Martorell, 1985). Recovery from loss In weight also can be 
very fast. Deficits in weight for height are associated 
with an Increased risk of mortality and morbidity (FAO/WHO/ 
UNU, 1985). Waterlow's classification not only dis­
tinguishes between stunting and wasting, but also indicates 
the degree (mild, moderate, severe), and the duration 
(current, acute or chronic) of growth failure 
(Bhattacharyya, 1986). The set of anthropometric indices 
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derived can further be evaluated using percentiles or by 
standard deviation scores derived from the reference data. 
In either case the distribution of the Index for the study 
population can then be tabulated, and In this way highlight 
critical features of the distribution of the study 
population (Gibson, 1990). 
Besides weight, height and weight for height, other 
measures that have been used Include head circumference, 
chest circumference, mid-arm circumference, arm 
circumference In relation to height and skinfold thicknesses 
at various sites of the body. However these measures do not 
provide any additional Information except that the child Is 
malnourished and are therefore not superior to weight for 
age (Bhattacharyya, 1986). 
Growth standards or reference values 
One objective of anthropometric surveys is to aid in 
the diagnosis of the extent and severity of nutritional 
problems. This procedure requires the use of growth norms 
(Martorell & Habicht, 1986). A major dilemma in evaluating 
growth in developing countries is whether reference 
standards for the growth of children in industrialized 
countries should be accepted as universally relevant or 
whether local standards should be used (FAO/WHO/UNU, 1985). 
Generally, the differences observed between ethnic 
groups in height and other anthropometric measurements are 
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caused by differences In genetics as well as In the 
environment. However, In many developing countries, studies 
show that the magnitude of the differences observed between 
well-to-do children of various ethnic groups, and 
differences within ethnic groups are associated with social 
class. Thus, the variation attributed to environmental 
factors, to Include adequate nutrition, usually far 
outweighs that which can be attributed to genetics or ethnic 
background (Martorell & Hablcht, 1986; Gracey, 1987; 
Martorell, 1985). Young children of different ethnic groups 
are expected to have the same or similar growth potential 
(FAO/WHO/UNU, 1985). In addition, there Is little variation 
In the growth pattern up to 5 years of age in different 
countries (Bhattacharyya, 1986). 
In Kenya the justification for using the WHO reference 
data Is that Kenyan urban middle class and wealthy children, 
as well as children of wealthy rural families, are at or 
above the NCHS median values. A study by Stephenson, Latham 
and Jansen (1983) observed the growth of rural Kenyan 
children living In two fertile coffee growing villages and 
then compared their growth to the NCHS and WHO growth 
references. The children's growth also was compared to 
several studies done among well-to-do children in 
Nairobi(Kenya) and Uganda, as well as studies from rural 
Kenyan children. In addition, these researchers compared 
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different commonly available sets of growth references, 
namely, the NCHS, WHO, Harvard, and Denver references. The 
findings of the study strongly supported the view that 
ethnic differences are very much less Important than other 
factors as causes of low growth percentiles. 
The data collected by the National Center for Health 
Statistics (NCHS) have been advocated for International use 
as the reference against which growth may be assessed 
(Bhattacharyya, 1986; FAO/WHO/UNU, 1985). The NCHS data are 
based on relatively large, nationally representative samples 
of children that Include various ethnic groups 
(Bhattacharrya, 1986; Martorell & Hablcht, 1986). The World 
Health Organization has recalculated the NCHS data to 
produce percentile values for weight and height that can be 
used in countries where no appropriate local reference data 
are available (Gibson, 1990). These derived tables are not 
recommended for use in comparing nutritional status of 
groups of children greater than ten years of age. 
The decision to use reference values should depend on 
the use to which they are put; whether to assess the growth 
of an individual child, to monitor progress, or to assess 
the nutritional status of a population sample, or group of 
children (Gracey, 1987). The use of WHO growth curves is 
useful in developing countries for assessment of nutritional 
status for groups of children or population, and not as 
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relevant for Individual assessment (Martorell & Habicht, 
1986). The International reference values should not be 
viewed as a 'gold' standard, but should simply be used as a 
guide to allow Independent reference points against which 
different groups of children. In different parts of the 
world, can be compared (Gracey, 1987). 
Summary 
Availability of energy and nutrients is one of the 
basic conditions for growth. Nutritional deprivation is 
likely to interfere with growth during periods when a high 
growth velocity would normally occur, especially in infancy, 
leading to failure to thrive. However, further 
investigation is necessary to study when and by how much 
growth begins to falter during infancy. 
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PROCEDURE 
The purpose of this study was to assess the level and 
growth profiles of infants in a rural location in Kenya, and 
to identify relationships of this growth to other parental 
and household factors. 
The study is an outcome of an analysis of data from the 
Nutrition Collaborative Research Support Project (CRSP) in 
Kenya, one of a three country study on food intake and human 
function. Other countries in the study are Egypt and 
Mexico. The studies were longitudinal in nature with the 
same individuals being observed over time. 
The Nutrition CRSP Kenya Project was carried out by the 
University of California at Los Angeles (UCLA) and the 
University of Nairobi in Kenya, with a principal 
investigator from each of these universities. A large data 
set exists as a result of this project. 
This study pertains to the subsample of 133 households 
whose infants were followed from birth to six months of age. 
The procedures described relate to specific variables of 
interest and are summarized from the Nutrition CRSP Kenya 
project final report (The Collaborative Research Support 
Program (CRSP) Kenya Project Report, 1987). Specific 
objectives were to: 
(1) examine the level and profile of growth of infants 
in comparison to the WHO reference standards; 
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(2) assess the relationship between Infant food 
supplementation and growth at monthly Intervals 
during the first six months; 
(3) study the relationship between socioeconomic 
status, infant food supplementation and growth; 
and 
(4) examine the effect of gestational age, mother's 
height and age, on infant growth (in length and 
weight). 
Site Selection 
Preliminary work on the Kenya project began in 1981 but 
actual data collection in the study site took place between 
January 1984 and April 1986 when the project staff completed 
the field work. Some of the work prior to the main study 
involved training of a large number of staff for the data 
collection exercise. 
Kyeni South Location was selected as the area for the 
study following Nutrition CRSP established criteria, 
recommendations by the Kenya government through its Ministry 
of Health, and the Department of Community Health at the 
University of Nairobi. Of major importance to the study was 
that the population be fairly stable (nonmigratory), 
homogeneous (same ethnic and cultural background), have a 
large enough population base from which to select the 
desired number of target individuals, and have an 
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appropriate range of nutritional status (to Include adequate 
numbers of mlld-to-moderate malnutrition). 
In addition, the community needed to have an adequate 
Infrastructure in terms of health facilities, transpor­
tation, and accessibility of households. Permission to 
conduct the study was obtained from the UCLA Human Subject 
Protection Committee, the Kenya government, the University 
of Nairobi, and from community officials. 
A pilot study preceded the final data collection and 
provided information that facilitated further design of the 
study. An ethnographic study also was carried out six 
months prior to the main study. The purpose of the 
ethnographic study was to clarify study variables as well as 
to provide detailed descriptions of the Kyeni South Location 
households that would assist in the interpretation of 
quantitative data. 
Sample Selection 
The sample was drawn from three sublocations of Kyeni 
South Location in Embu District, Eastern Province. These 
are Kathanjure, Kathunguri and Karurumo. A primary task of 
the sampling process was to secure an adequate number of 
both target individuals and households. The target 
households consisted of a husband and wife, hereafter 
referred to as lead male and lead female, infants 0-6 
months, toddlers 18-30 months, and school age children 7-9 
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years. A household had to have a lead male, a lead female, 
and contain one or more children in the toddler or school 
age categories. The infants used for this research were 
born during the course of the study and followed for six 
months. The sample therefore was selected so that adequate 
numbers of reproductively active females were represented. 
An initial sample of 823 potential households were 
identified out of a total of 2,509 households. A 
preliminary survey was carried out to gather detailed 
information on the ability of the household to provide 
target individuals. Of particular consideration was the 
ability of the lead female to get pregnant and deliver in 
time for the infant to be followed during the study period. 
The sample thus was further reduced to 447 and finally to 
292 at the start of the main study. Due to attrition, the 
actual number of households studied for a minimum of one 
year and up to two years was 247. 
A subsample of 133 households out of the 247 were 
selected for this study. These are the households with 
infants followed from birth and up to six months. Household 
information was provided by the lead males and females. The 
original study addressed a wide variety of topic areas 
related to nutrition assessment. Those relevant for this 
study are infants' supplementary food intake, anthropometry, 
household socioeconomic status, and adult literacy levels. 
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Data Collection 
Food intake 
The major technique used to collect food intake data 
was the direct weighing and volume measurement of 
ingredients and foods. Partial recall was utilized when 
direct weighing was not possible. Development of specific 
food intake methodology was done after a series of pilot 
studies and field trials. Some of the pilot studies also 
served to provide training of both enumerators and 
supervisors on the food weighment method. A market survey 
also provided knowledge on commonly used measurement tools 
as well as weight and volume of foods. 
Food intake information was recorded on two consecutive 
days per month in each of the 247 households for a period of 
one to two years. Effort was made to visit the house on 
different days of the week per occasion so that information 
was representative of all week days. Equipment used 
included a 2 kg. Chatillon scale, a 25 kg. Salter Hanging 
scale, rulers, and a variety of graduated cylinders for 
measurement of liquids. 
An enumerator actually spent a whole day, from 7 a.m. 
to 6 p.m. in a household recording information on amounts of 
foods prepared and consumed. The enumerator asked the 
respondent to give all raw ingredients for weighing before 
adding them to a cooking pot. Once the food was prepared. 
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the cooking pot and cooked food were weighed. After 
consumption any leftover food also was weighed in the same 
cooking pot. For target individuals such as infants, the 
portions were determined by first weighing the utensils 
alone, and then with the food placed in them. Utensils were 
weighed again after the subject finished eating. Snack 
foods consumed were observed, weighed and recorded. Foods 
received elsewhere and brought home also were weighed and 
recorded. 
The enumerator returned early on the second day and 
collected recall data on foods prepared and consumed after 
their departure the previous evening. Recall data were also 
recorded for foods and snacks eaten away from home. 
Observations then continued as for the first day. The 
enumerator also returned to the household early the third 
day to collect recall data on foods consumed during the 
evening of the second day. 
For recalled foods, the enumerator instructed the 
respondent to indicate how much of each ingredient was used 
to prepare a given dish and how much was consumed. Actual 
samples of recalled foods or ingredients were used to 
determine measures. Colored plastic bowls were given to 
target individuals to be used in the enumerator's absence, 
as in evening meals, and these aided in the recall of 
amounts of food. 
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Food conversion tables were developed during pilot 
studies to express recalled food data In grams and to 
estimate food waste. Food waste was expressed as a percent 
of food Items, and gram equivalents were given for volumes 
or household measures used. This was done through repeated 
measurements of standard food recipes prior to the main 
study. The percent of waste values presented were derived 
from Piatt (1962). Thus on a dally basis, the recalled food 
consumed or weighed food consumed was converted to gram 
equivalents and the figures entered on a data form. 
A food nutrient composition data base was developed for 
use In this project by combining Information on nutrient 
values from such sources as USDA Handbook 8 (Watt and 
Merrill, 1975), FAO values for foods In Africa (USDHEW/FAO, 
1968), tables of representative values of foods commonly 
used In tropical countries (Piatt, 1962), and McCance and 
Wlddowson's composition of foods (Paul and Southgate, 1978). 
Laboratory analysis was carried out on the most commonly 
eaten Embu staple foods and cooked dishes for validation of 
nutrient values used. This data base was then used to 
calculate the nutrient composition of food consumed by 
households and by target Individuals, Including the food 
supplementation given to infants. The nutrients that have 
been Incorporated in this study are kilocalorles and 
protein. 
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Anthropometry 
Anthropometric measurements were taken monthly for 
target Individuals. The main study took height, weight, 
head circumference, arm circumference, and triceps, biceps 
and subscapular fatfolds on target Individuals. However, 
the measurements of Interest In this study were height and 
weight. 
The enumerators were trained on specific techniques 
used to conduct anthropometry measurements prior to the 
start of the study. Training Included Instruction on how to 
calibrate equipment and how to record data. Enumerators 
were organized Into teams of two and each was required to 
conduct any given measurement for every respondent. This 
way each team member made a measurement and recorded the 
value Independently of the other. 
A pilot test was carried out prior to the main study 
and served as a valuable experience for the enumerators In 
actual household conditions. The pilot test also served as 
a testing ground for the equipment to be used. As a result 
the adult Acu-Welgh Beam Balance and the Infant Detecto 
Scale (for weight), and the stadlometer (for height 
measurement) were rejected because they were too heavy for 
the enumerators to carry on foot from house to house. The 
Salter Hanging scale was not used as It was uncomfortable 
for the toddlers. The Heath Digital Scale, which is light 
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and accurate, was chosen and Infants and toddlers were 
weighed by difference. 
The lightweight Nlvotolse was Introduced for measuring 
standing height In adults. This device consists of a metal 
foot plate, a head plate, and a retractable steel tape. The 
Nlvotolse was found to be very reliable, and gave values 
comparable to the stadlometer. 
Measurements were carried out within the home In a 
sheltered or private environment. Heavy ornaments, 
garments, and shoes were removed, and clothing was removed 
to the last layer next to the underwear. Infants were 
weighed without clothing. The lead males' and females' 
measurements were obtained at monthly Intervals for a period 
of one to two years. The measurements on pregnant women 
were taken at monthly Intervals once the pregnancy was 
diagnosed, and through the first six months of lactation. 
For the newborns, weight was obtained within 72 hours of 
birth, and then weight, length, and other measurements were 
obtained from seven to nine days after birth, at one month 
of age, and thereafter at monthly Intervals through the 
sixth month. 
Infant length 
The length for Infants was taken using a portable, 
wooden measuring board with a luclte head piece and a 
sliding foot piece. The enumerator positioned the child on 
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the measuring board with the back of the child's head 
touching the headboard and eyes pointing directly upward. 
The feet were positioned by bringing the movable footboard 
directly against the child's heels, and ensuring that the 
body and feet lay straight. The knees were pushed firmly 
against the main board and length was read to the nearest 
0.1 cm and recorded on the anthropometry data form. 
Infant weight 
The Heath Digital Scale was used for obtaining weight 
of infants, and the weight obtained by the weighing-by-
difference method. The mother or caretaker was weighed both 
alone and while holding the child, and the difference was 
calculated and recorded as the subject's weight. 
Adult height and weight 
The height for adults was measured by using the 
Nivotoise. The enumerator selected a site with a hard flat 
ground surface next to a vertical wall and asked the subject 
to remove all footwear and headgear and to stand on the 
Nivotoise footplate with the feet together. The subject was 
then instructed to stand upright, with eyes looking ahead 
and arms held loosely at the sides of the body. The 
headpiece was then raised, at the same time extending the 
tape, and placed on top of the head. The enumerator checked 
to see that the tape was parallel to the wall, that the head 
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piece was horizontal, and the body was well positioned. The 
reading was taken to the nearest O.l cm and recorded on the 
data form. 
The adult weight was obtained using the Heath scale. 
The scale was placed on a hard, flat, level piece of ground 
away from direct sunlight so that the display could be seen 
easily. The respondent was Instructed to stand comfortably 
and still on the middle of the scale. The displayed weight 
was read to the nearest 0.1 kg and recorded on the 
appropriate data form. 
Quality control 
Quality and reliability of data were ensured through a 
variety of ways. There was on-going staff "re-tralnlng" 
that took place every six to eight weeks for all 
anthropometry fleldworkers to determine accuracy of each 
fleldworker's techniques and review proper execution of any 
measurement technique found to be lacking. The duplicate 
measurement of all parameters with preset limits of 
acceptability ensured accuracy. In addition, there was 
close supervision of enumerators to ensure that measurements 
were taken correctly and that equipment was working. The 
equipment was Inspected for malfunction and precision twice 
a month. Field offices also maintained extra scales, length 
boards, and other equipment, in the event that a given piece 
malfunctioned. 
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Household Information was provided by either the lead 
male or the lead female. The field worker visited a 
scheduled household and requested permission to conduct the 
interview from these main respondents. He or she then 
proceeded to administer the questions and made observations 
as outlined in the questionnaire. If a scheduled visit was 
not successfully completed, the field worker made every 
attempt possible to schedule a revisit when the other lead 
partner was present. 
For this research, seven variables were used in the 
analysis of data. The variables are: number of acres of 
land owned, number of acres of land cultivated, quality of 
house, assets, education of the household head, off-farm 
cash income, and skill level of the household head. 
The quality of the house was determined in this study 
by deriving a composite score from the presence or absence 
of seven structural features related to housing that were 
observed and recorded in the original questionnaire. These 
features are an iron roof, cement floor, purchased door, 
glass windows, use of milled timber, timber window frames, 
and timber door frames. The total expected score per 
household was seven. 
The assets were assigned a total score from the 
original data collecting instrument depending on whether a 
household possessed any of the 14 items listed on the 
45 
questionnaire (see Appendix H). A value of 2 was given for 
any Item owned and thus the total expected score was 28. 
The skill level of the household head also was determined by 
assigning a score In the original questionnaire depending on 
the number of skills one could perform out of the 14 listed. 
These Included skills such as driving, tailoring, carpentry, 
and healing or making medicines. In the original 
questionnaire, a value of two was given for any skill 
possessed and therefore the total possible score was 28. 
Adult literacy 
The Nutrition CRSP Kenya Project conducted a literacy 
test to assess the reading and writing ability of the lead 
males and females In the 247 sampled households. A total of 
233 males and 243 females were tested and the test was 
carried out only once. Adult literacy thus was assessed 
through administration of both reading and writing tests. 
The tests were developed from passages extracted from 
the English reading textbooks used widely as standard texts 
throughout Kenya. Passages were extracted from texts used 
for Standard One to Seven and Forms One to Four (a total of 
11 grades). The objective was to select passages that would 
be comprehensible at that level of education. This allowed 
for the performance to be not only ranked, but the test also 
Indicated the actual level of education at which the 
respondents were literate. 
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The reading test consisted of eleven reading passages 
lettered "A" to "K", each with three comprehension test 
questions. All passages and test questions were translated 
Into Klembu, and each respondent was given the choice to be 
tested In either English or Klembu. The writing test 
consisted of eleven dictation passages lettered "a" to "k" 
to represent the various grade levels. These dictation 
passages also were translated Into Klembu and respondents 
were given a chance to be tested In either language. Field 
workers were trained to administer the literacy test under 
supervision of the Field Psychologist. The exam was tested 
In the pilot study area and any problems resolved. 
The reading test was administered by first asking the 
target Individual to review the passage which represented 
the last class he/she attended at school. After finishing, 
the respondent was asked to read the passage aloud. The 
field worker then withdrew the passage and asked the 
accompanying comprehension questions. If the Individual 
passed two of the three comprehension questions, for the 
first passage, this was recorded as a "l" for pass and the 
fleldworker proceeded to administer the next passage. The 
test was discontinued if and when the target individual 
failed two of the three comprehension questions for two 
successive passages. If a respondent claimed not to be 
capable of reading, the test was not administered. 
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For the writing test, the respondent was requested to 
write down passages as they were dictated. The first 
passage dictated represented the last class attended at 
school. The passage was dictated twice, clearly and at a 
normal reading speed. The passage was repeated a third and 
final time to allow the respondent to check for errors. The 
fleldworker then examined the written passage for errors. 
For passages a to c, two errors were permitted, and for 
passages d to k, three errors were allowed. An error 
consisted of a spelling error, a word left out or misplaced, 
or use of an Incorrect word. If the Individual passed the 
Initial passage, the pass was recorded as a "1" and 
proceeded to the next passage. The test proceeded until two 
successive failures were recorded. If a respondent claimed 
not to be capable of writing, the test was not administered. 
The range of expected scores for each of the reading 
and writing tests was eleven, corresponding with the eleven 
sections that were tested. An additional value of twelve 
was given for those who could read or write beyond the 
eleventh level. 
The literacy data file contained both reading and 
writing scores. For the purposes of this study, a single 
score was derived by taking the mean of the two values and 
the variable was thereafter referred to as a literacy score 
and gives a fair estimate of the reading and writing 
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capability of the Individual adult males and females. The 
range of expected scores was one to twelve. 
Data Preparation and Analysis 
The data collected from the main study were set up In 
different files corresponding to the different instruments 
utilized. As indicated earlier, a variety of topic areas 
were investigated, each acting as a separate survey due to 
the longitudinal nature of the research. 
In this study, the data from the 133 households with 
infants were matched from the separate files and a master 
file was created across the 6 month period. In addition, 
variables that only had data for one point in time were 
entered manually to the master file. These variables 
included the computed literacy score and the quality of 
house score, and other variables used from the SES data 
file. 
The female anthropometric file had serial measurements 
recorded to represent the monthly data collected over a 
period of one to two years. Only the female height values 
were used for this study and they were aggregated to provide 
a single value, and then entered to the master file 
manually. Adult height is not expected to change over time 
and the slight differences observed were presumed to be due 
to measurement error. 
The World Health Organization reference data for 
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Infants 0 to 6 months were used to develop length for age, 
weight for age, and weight for length percentile categories. 
There are fourteen percentile categories Identified for 
reference (WHO, 1983). A computer program was developed to 
assess each Individual Infant's percentile category at each 
age point, for length for age and weight for age. Standard 
deviation codes for the same Indices also were assigned. 
These data were added to the master file. The weight for 
length percentiles, and standard deviation codes were 
determined manually for each Infant and manually entered to 
the master file. Hence, one comprehensive data set was set 
up with 133 households and 25 variables. These variables 
are: 
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(25) skill level of household head 
Approximately 8 months were spent In preparation of the 
master file. This preparation Involved understanding the 
data set, asking clarifying questions of the original 
Investigator, and entering the data on the master file. 
The Statistical Package for Social Sciences (SPSSx) was 
used for the analysis of data. Descriptive statistics. 
Including frequency distributions and percentages were 
computed, mainly for analyzing the soclodemographlc data and 
the anthropometric data. Frequencies for the growth Indices 
explained above were determined through the crosstables 
procedure. Correlations were used to examine relationships 
between length for age, weight for age, and weight for 
length, the household socioeconomic factors, and the 
Infants' parental factors at birth and at six months. 
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FINDINGS AND DISCUSSION 
The objective of this study was to assess the level and 
growth profiles of infants in a rural location in Kenya, and 
to examine the relationships of this growth pattern to other 
household and parental factors. The data producing sample 
for the households with infants (0-6 months) was 133 out of 
the 247 households that completed the main Nutrition CRSP 
Kenya Project study. This section provides a description of 
the households, an evaluation of the growth characteristics 
of the infants, and the factors affecting infant growth. 
Description of the Households 
The sample consisted of married couples in the entire 
133 households. Almost all of these (97%) were of the Embu 
tribe, the predominant tribe in the District. However, 
while 36% of the respondents could only speak Kiembu, about 
35% said they could speak Kiembu, English and Swahili (the 
national language). Forty-eight percent of these families 
were Protestant while 52% were Catholic. The majority of 
the respondents (92.4%) had not spent any time out of the 
location in the past year and therefore met the criteria 
that the population be fairly stable. There was an average 
of 6.7 persons in the households recorded at this same 
period. This family size can be considered as large, 
considering that they are fairly young families, and one of 
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Landholdlnq size 
Landholdlng size Is one of the environmental factors 
used within socioeconomic status assessment that may be 
Immediately connected with children's growth failure 
(Stlnson, 1983). In Kenya, land availability and land 
ownership are factors known to affect food availability and 
consumption (Greer & Thorbecke, 1986). About 43% of the 
respondents In this study Indicated that they did not own 
land, and for those who did (57%), the average amount owned 
was approximately 2.5 acres. 
However, all households cultivated some land, mostly 
small portions, while 30% had less than 2 acres cultivated, 
about 55% cultivated between 2 and 5 acres (Table 2). The 
average number of acres cultivated was 2.8 acres. In 
addition, a great number of the household heads did not have 
employment off the farm, did not own any businesses, and 
Indicated they did not have any cash Income (76%, 93%, and 
42%, respectively). The majority of the households In the 
study area therefore can be described as having low Incomes. 
Assets and quality of housing 
Assets and quality of housing also are used as 
Indicators of socioeconomic status. Quality of housing is 
one of the factors typically associated with poverty, a 
factor that is often associated with malnutrition (Rlcclutl, 
1985; Stlnson, 1983). 
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Table 2. Land owned and cultivated (N-133) 
Amount In acres Land owned 
% 
Land cultivated 
% 
No land 42.9 0.0 
Less than 2 8.3 30.1 
2-4.99 21.8 55.6 
5-7.99 14.3 10.5 
8-10.99 9.8 2.3 
11 acres 3.0 1.5 
Total 100.1 100.0 
The households were surveyed on the number of 
possessions owned. Fourteen Items were listed on the 
questionnaire and 2 points were given If any of the Items 
were available In the household. The total expected score 
was 28 points. These assets Included such things as animal 
drawn cart, plough, wire fencing, glass paraffin lamp, 
sewing machine, radio, bicycle, and motor vehicle. About 
30% of the households scored 14 points, while 41% scored 
between 15 and 17 points. A quality of the house score was 
determined In this study by summing up the values obtained 
from seven materials used In construction of the houses. 
The mean score on a scale of one to seven was 2.7, and 59.4% 
of houses scored a value of 3 or 4 (see Table 3). These 
findings are supportive of the low Income nature of the 
families as shown by land ownership and land use. 
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Table 3. Quality of housing 
Score number Valid percent 
1-2 43 34.9 
3-4 73 59.4 
5-6 6 4.9 
missing 11 
Total 133 99.2 
Characteristics of the female parents 
The females in this group were of child bearing age and 
reproductively active, as required by the study criteria. 
Their average age was 30 years, but ages ranged from 20 to 
42 years. The average height for the infants' mothers was 
154.4 cm, with the lowest height being 143 centimeters, and 
the highest 171 centimeters. The gestational age of infants 
was determined on delivery and the average age was 39 weeks. 
This means that most pregnancies of mothers in this study 
had reached full term or were close to full term. 
Gestational age is important in that it provides an idea of 
the maturation of the infants at birth, and consequently 
appropriate interpretation can be made. 
The Growth Pattern of Infants 
Growth is here described in terms of the level and 
profile of the infants' development. Level refers to the 
scalability of a measure at one or more points in time while 
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the profile refers to Inflections In the developmental 
function over time (Kim & Polllt, 1987). Length and weight 
were selected as the two anthropometric measurements to 
assess growth. The three Indices for evaluating growth, 
namely weight for age, length for age, and weight for length 
were used. 
Weight for age 
Most of the Infants In this study were fully mature at 
birth and their birth weights are very close to those of the 
reference population. The mean weight at birth for males 
was 3.2 kg. while that for females was 3.0 kg. (the values 
for the reference population are 3.3 kg. for males and 3.2 
kg. for females). A perusal of data In Table 4 shows that 
when these infants were grouped into their percentile 
categories, there were more Infants clustered on the lower 
end of the scale at birth (23.9% of males and 24.5% of 
females were below the 20th percentile of their weight for 
age) than would have been expected. The numbers during the 
second, third, and fourth month were about as expected. 
During the fifth and sixth month, the numbers rose sharply. 
The proportion of infants below the 20th percentile at the 
sixth month were 39.5% for males and 37.7% for females. 
The 20th percentile is used as an arbitrary cut off to 
Indicate infants who have low weights. The entire 
percentile distribution, from "less than the 3rd percentile" 
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to "greater than the 97th percentile", are given in Appendix 
A. The important observation to note from Table 4 is the 
shift in the study population's weight distribution so that 
there is a larger number at the lower end than at the middle 
as would be expected in a normal distribution. 
The 5th percentile is chosen frequently as the lower 
reference limit to designate individuals with unusually low 
anthropometric indices (Gibson, 1990). Table 5 shows the 
proportion of infants out of those in the 20th percentile 
Table 4. Percentage distribution of infants by weight 
for age 
Centile distribution 
>20th MOth >60th >80th 
Age Sex N <20th <40th <60th <80th 
0 month Male 71 23.9 19.7 16.9 19.7 19.7 
Female 61 24.5 19.6 21.3 11.5 22.9 
1 month Male 72 22.3 30.6 20.8 12.5 14.0 
Female 56 26.9 16.1 19.7 10.7 26.8 
2 months Male 73 17.8 17.8 34.2 13.7 16.4 
Female 56 9.0 17.9 23.2 28.5 21.5 
3 months Male 75 15.9 20.0 25.4 24.0 14.7 
Female 54 13.1 18.5 14.8 35.2 18.6 
4 months Male 71 16.9 32.4 22.5 18.3 9.8 
Female 59 22.0 20.4 18.7 22.1 17.0 
5 months Male 71 35.2 24.0 22.6 8.4 9.8 
Female 57 28.1 24.5 19.3 10.5 17.5 
6 months Male 66 39.5 31.9 13.7 10.6 4.5 
Female 53 37.7 24.5 9.5 17.0 11.4 
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whose weight for age was below the 5th percentile. From 
birth to five months, the proportions were well within the 
expected limits (5% of any population would be expected to 
fall below the 5th percentile). However, at six months, the 
proportion for both male and female Infants rose sharply to 
about 15%, Indicating that the Increase In weight began to 
falter at this point. 
Table 5. Infants below the 5th percentile In weight for 
age (%) 
Sex 0 1 
Age 
2 
In months 
3 4 5 6 
Male 
Female 
7.0 
3.2 
5.6 
3.6 
1.4 
1.8 
2.6 
3.8 
4.2 
1.7 
5.6 
3.5 
15.2 
15.1 
Growth curves; weight for age 
The Infants' profile of growth In weight also Is 
represented graphically In Figure 3 and Figure 4, using the 
median weight values. The median values are used Instead of 
mean values to facilitate comparison with the WHO reference 
values at the 50th percentile. Use of a mean typically 
would result In a value below the 50th percentile. 
The growth curve shown portrays the trend of growth In 
weight. The major focus Is on the pattern of the curve 
rather than on the level of weight attained at each point. 
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Figure 3. Median weight (kg) by age of male infants 
aged 0-6 months in comparison to the 50th 
percentile of WHO reference population 
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Figure 4. Median weight (kg) by age of female infants 
aged 0-6 months in comparison to the 50th 
percentile of WHO reference population 
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The Infants weight curve progresses steadily, but starts to 
slow before the 6th month. In comparison with the reference 
group, the weight curve of the infants in this study was 
very close to the 50th percentile between birth and the 5th 
month. Because the gap got wider at the sixth month, weight 
gain appeared to falter. 
Definitive conclusions about the nutritional status of 
these infants on the basis of weight for age alone are 
difficult because this measure does not take into account 
height differences (Gibson, 1990). Weight for height and 
height for age together account for more than 95% of the 
variance in weight for age (WHO Working Group, 1986). But 
data suggest that the infants in this study did not add 
weight as well as their counterparts in the reference 
population, and particularly the male infants. More 
importantly, their weight began to falter by the 6th month. 
Length for age 
Length for age is used as an index of stunting, defined 
as a slowing of skeletal growth (Gibson, 1990; Grantham-
McGregor et al., 1988). Length, unlike weight, cannot be 
lost and therefore a low length for age invariably must 
represent a decrease in rate of growth (Martorell, 1985). 
There were fewer infants whose length was taken at 
birth. However, the available data indicate that the mean 
length at birth for males was 49.2 cm, while that for 
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females was 48.6 cm. These values, unlike those for weight 
are not as close to those values of the reference population 
(mean length at birth is 50.5 cm for males and 49.9 for 
females). The data provided in Table 6 and in Appendix B 
show the distribution of length for age across percentiles. 
A greater proportion of infants (43.4% male and 41.4% 
females) started with lengths that were below the 20th 
percentile. This proportion increased as the infants got 
older, to a high of 87.3% for males and 75.7% for females at 
Table 6. Percentage distribution of infants by length 
for age 
Centile distribution 
>20th >40th >.60th >80th 
Age Sex N <20th 740th <60th 780th 
0 month Male 46 43.4 17.4 15.2 17.4 6.5 
Female 48 41.4 27.1 18.7 10.5 4.2 
1 month Male 72 58.3 19.5 16.6 2.8 2.8 
Female 55 49.0 23.6 14.6 7.3 5.4 
2 months Male 72 48.6 26.4 13.9 9.7 1.4 
Female 57 56.2 22.8 7.0 10.6 3.6 
3 months Male 75 61.3 18.7 10.7 6.7 2.7 
Female 54 48.2 22.3 18.5 7.4 3.7 
4 months Male 69 75.3 14.5 4.3 4.3 1.4 
Female 57 68.5 12.3 12.3 3.6 3.5 
5 months Male 68 77.9 13.3 5.9 2.9 0.0 
Female 56 66.0 21,5 • 7.2 0.0 5.4 
6 months Male 63 87.3 8.0 1.6 3.2 0.0 
Female 53 75.5 18.8 1.9 1.9 1.9 
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Six months. There is a definite clustering of infants in 
the lower end of the scale. This shift in the distribution 
is much more significant than that observed for the weight 
for age distribution. More male infants were shorter for 
their age than the female infants. 
The proportion of infants with unusually low lengths 
for their ages (less than the 5th percentile) are presented 
in Table 7. The numbers are unusually large. At birth 
there are 13% males and 14.6% females. This proportion 
increased with age and at six months the numbers were 57.2% 
males and 37.7% females. Thus the female infants seemed to 
be more advanced than their male counterparts. 
Table 7. Infants below the 5th percentile in length 
for age (%) 
Sex 0 1 
Age 
2 
in months 
3 4 5 6 
Male 
Female 
13.0 
14.6 
29.1 
21.8 
25.0 
22.8 
21.3 
22.3 
26.0 
24.6 
33.8 
25.0 
57.2 
37.7 
The pattern of growth in length depicted for these 
Infants raises questions. Their growth may or may not be 
normal. Considering the lengths at birth as start off 
points, the infants appeared to be genetically short. An 
alternate explanation is that the reference data used for 
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comparing these children may not be as appropriate In 
describing length for Infants In this study and may tend to 
underestimate their attained growth at each age point. 
However, this reference data Is used for comparisons only 
and should not be viewed as a standard. 
Growth curves; length for age 
Profiles for growth In length are given In Figures 5 
and 6. Mean values were used to construct these as the 50th 
percentile of the reference population also used the mean. 
The mean lengths of Embu Infants were slightly below the 
median from one to four months, but showed some progression 
In length. However, at the 5th and 6th month, the mean 
lengths were Increasingly below the median. This pattern 
was more pronounced for the male Infants. There may have 
been a slowing of skeletal growth resulting In the wider gap 
between the two populations. 
The deficit In length for age Is certainly observable 
on the basis of comparison with the WHO reference data. The 
growth of Infants whose lengths fall below the 5th 
percentile may or may not have been normal. From the third 
month, it is likely that environmental factors, such as 
supplementary feeding came into play. A reduction in 
lactation performance or in breast milk Intake may not have 
been adequately replaced by the food supplementation, 
particularly in the sixth month, hence the faltering in 
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Figure 5. Mean length (cm) by age of male infants 
aged 0-6 months in comparison to the 50th 
percentile of WHO reference population 
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Figure 6. Mean length (cm) by age of female infants 
aged 0-6 months in comparison to the 50th 
percentile of WHO reference population 
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growth. A reduction In rate of growth also may have 
occurred. The process of becoming small or stunted seemed 
to start by the 5th month for this population. 
Weight for length 
Weight for length Is normally used as an Indicator of 
current nutritional status for Infants. It Is useful In 
differentiating between nutritional stunting, when weight 
may be appropriate for length, and wasting, when weight Is 
very low for length. When the weights of Infants In this 
study were observed In relationship to length, their 
distribution In percentiles depicted a different picture 
from that presented above (Table 8 and Appendix C). The 
proportion of Infants below the 5th percentile were less 
than 5% at all age levels, except for females at birth 
(Table 9). The proportions were 3.8% for males and 13% for 
females at birth. However, this number for females Is not 
representative as data were provided from only 23 Infants 
(length measurements at birth were very few). At six 
months, there were no females below the 5th percentile, and 
only 1.6% males. These data Indicate that the infants had a 
normal weight for their length and were not undernourished 
at the time of measurement. 
When the length for age and weight for length data are 
considered together, most of the Infants can be described as 
having a low length for age and a normal weight for length. 
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This means that no presence of recent stress that would have 
resulted In low or negative weight change was Indicated at 
the time of measurement. The Infants may have started out 
short and/or have had a reduced rate of linear growth. The 
result would be a low length for age while maintaining a 
normal weight for length. This finding Is supported by 
Martorell and Hablcht's (1986) observation that children 
might be able to reduce their rate of linear growth without 
altering weight to length status. 
Table 8. Percentage weight for length distribution 
Centlle distribution 
>20th >40th >60th >80th 
Age Sex N <20th <40th <60th <80th 
0 month Male 26 26.9 3.8 23.1 34.6 11.5 
Female 23 17.3 21.7 26.0 30.4 4.3 
1 month Male 63 4.8 6.4 12.7 25.4 50.8 
Female 49 12.2 4.1 14.3 28.5 40.7 
2 months Male 72 5.6 2.8 13.9 22.2 55.5 
Female 56 0.0 1.8 12.5 26.8 59.0 
3 months Male 75 8.0 4.0 8.0 24.0 56.0 
Female 54 1.9 7.5 13.0 26.0 51.9 
4 months Male 69 2.9 8.6 13.0 20.3 55.0 
Female 57 0.0 10.5 15.8 19.3 54.3 
5 months Male 68 8.9 11.7 13.3 19.1 47.1 
Female 53 5.4 1.8 12.5 35.7 44.7 
6 months Male 63 4.8 8.0 15.9 17.5 54.0 
Female 53 9.4 7.6 15.0 13.2 54.8 
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Table 9. Infants below the 5th percentile In 
weight for length by age and sex 
Age in 
months % 
Males 
(n) % 
Females 
(n) 
0 3.8 (26) 13 (23) 
1 0 (63) 2 (49) 
2 1.4 (72) 0 (56) 
3 2.7 (75) 0 (54) 
4 0 (69) 0 (57) 
5 0 (68) 0 (56) 
6 1.6 (63) 0 (53) 
Infant food supplementation 
The infants were all breastfeeding at the time of the 
study. Data on food intake, however, indicate that infants 
were being fed other than breastmilk at least from the third 
month and some (41%) were started on other food as early as 
the second month. Supplementation was quantified into 
nutrients and Table 10 shows mean nutrients in kilocalories 
and protein consumed. 
The foods given in addition to breastmilk increased 
with age. Assuming a recommended dietary allowance of 108 
kilocalories and 2.2 gm protein per kilogram body weight 
(NRC, 1989), these foods were providing between 33% and 42% 
of recommended dietary allowances for kilocalories and 
protein in the 5th and 6th months. The male infants were 
consuming more in supplementation than the female Infants 
between one and four months. 
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Table 10. Supplementary nutrient Intake by age and gender 
Age Gender N Kcals Protein 
/day gm/day 
1 month Male 27 125 3.9 
Female 28 107 2.8 
2 months Male 57 188 6.7 
Female 43 97 2.2 
3 months Male 70 188 5.0 
Female 50 188 4.9 
4 months Male 67 232 5.7 
Female 49 193 4.4 
5 months Male 65 256 5.7 
Female 53 256 6.0 
6 months Male 68 256 5.2 
Female 54 260 5.9 
Factors Affecting Infant Growth 
Correlation coefficients are reported between the 
growth Indicators and supplementary food Intake, maternal 
characteristics, and selected SES Indicators at birth and at 
6 months (Table 11). Results are separated by gender. 
No correlation coefficients between supplementary food 
Intake and the growth Indices are reported at birth because 
Infants are not Ingesting supplementary food when born. At 
six months, the relationships between supplementary food 
Intake and the growth Indices were negllble. A reasonable 
explanation for the relationships observed at six months Is 
that the amounts of food given to supplement breastmllk were 
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small and by themselves made no significant contribution to 
growth. Information on the amount of breastmilk consumed 
was lacking and it was not possible to assess the adequacy 
of total kilocalories per day. 
Correlations between the growth indicators and maternal 
factors indicated no significant relationship with mother's 
age and height at the two specified ages (Table 11). The 
gestational age seemed to exert a greater influence on 
growth and was significantly related to weight for age and 
length for age for both sexes at birth (p <.001). At six 
months this relationship was positive but nonsignificant. 
However, the correlation coefficient between gestational age 
and weight for age and length for age at six months was 
greater for the female than male infants. 
To study the relationship between gestational age and 
the growth indicators in greater detail, correlations are 
reported between gestational age and weight for age, and 
between gestational age and length for age at birth, and at 
each of the six months thereafter (Appendix E). Gestational 
age continued to be statistically and significantly related 
to weight for age from birth through the fifth month for 
both sexes although the actual correlation coefficients 
decreased over this period. The r value decreased from 0.45 
for male infants and 0.55 for female infants (p <.001) to 
0.21 (p <.05) and 0.37 (p <.01) at the fifth month. 
Table 11. Correlations between the variables affecting growth and the growth 
indices at birth and at six months 
Boys 
Variables 
Weight/age 
birth 6 months 
length/age 
birth 6 months 
Supplementary 
food intake 
Kilocalories 
protein 
Maternal 
characteristics 
Mother's age 
Mother's height 
Gestational age 
Socioeconomic 
indicators 
weight/length 
birth 6 months 
.16 
.03 
.45*** 
.07 
.01 
.04 
.15 
.08 
.04 
.21 
.45*** 
.1 
.04 
.15 
.08 
.03 
.08 
.34 
.11 
.09 
.03 
07 
.00 
.00 
House quality .31** 
Land owned .08 
Land cultivated .03 
Assets .30** 
Cash income -.04 
Education of 
household head .15 
Skill of 
household head .27** 
-.04 
.20* 
-.07 
.09 
.11 
.09 
-.02 
-.10 
-.13 
- . 0 2  
.17 
-.04 
— « 05 
.03 
-.02 
.22* 
— .08 
-.04 
.03 
.14 
— .06 
.22 
.02 
.11 
.09 
.28 
.15 
.26 
- .11 
.05 
— .  0 2  
.13 
.14 
-.01 
-.01 
Table 11 (continued) 
Girls 
Variables 
Weight/age 
birth 6 months 
length/age 
birth 6 months 
Supplementary 
food Intake 
Kllocalorles 
protein 
Maternal 
characteristics 
Mother's age 
Mother's height 
Gestational age 
Socioeconomic 
indicators 
weight/length 
birth 6 months 
.04 
.11 
.55*** 
.01 
.03 
,12 
.07 
,21 
.03 
.22 
.42** 
.07 
.13 
.04 
.18 
.16 
.04 
.32 
.01 
.01 
.04 
.20 
.02 
.16 
House quality .15 .16 .39** .17 —. 02 .08 
Land owned .22* .05 .24* —. 05 .62** .17 
Land cultivated .19 .01 .09 -.09 .35* .11 
Assets .15 .32** .08 .11 .25 .30* 
Cash income -.13 -.10 -.17 .01 .09 -.10 
Education of 
household head .12 
r—
1 0
 1 .18 .03 .24 .03 
Skill of 
household head -.15 
on 0
 1 
00 0
 1 — .03 — « 18 .05 
*p <.05. 
**p <.01. 
***p <.001. 
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respectively. Length for age was also significantly related 
to gestational age from birth through the fifth month for 
both male and female infants. However, the correlation 
coefficients decreased also from 0.45 for male infants and 
0.42 for female infants at birth to 0.26 and 0.29 at the 
fifth month (Appendix E). This confirms that maturity at 
birth is important in determining postnatal health. 
Birthweight is dependent on gestational age among other 
variables and a high or normal birthweight gives the 
individual infant a head start in growth. A possible 
explanation for the lack of relationship of the growth 
variables with gestational age at the sixth month is that 
other factors may Interact to exert a stronger influence on 
growth than gestational age. 
Correlations also were reported between the growth 
indicators and selected socioeconomic indicators, namely, 
quality of house, land owned, land cultivated, assets, and 
education and skill level of the household head (see Table 
11). A general observation is that more SES indicators were 
positively and significantly correlated with weight for age 
for male infants at birth than were for female infants at 
the same age. At six months, most of the SES indicators 
did not appear to be influencing any of the growth 
indicators. 
Male infants living in better quality housing were more 
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likely to have a higher weight for age (r -> .31, p <.01) at 
birth, but the same was not true of female infants. The 
female infants showed a stronger relationship between length 
for age and quality of housing (r - .39, p <.01) than did 
the male infants. Quality of housing did not have a 
significant impact on growth at six months. 
The amount of land owned was positively and 
significantly related to both weight for age and length for 
age of female infants at birth but not for male infants. 
The correlation coefficients were .22 (p <.05) for weight 
for age and .24 (p <.05) for length for age. The reverse 
was true at six months for the male infants. Land ownership 
was significantly related to weight for age and length for 
age (p <.05) only for male infants at six months. 
Land cultivated was not significantly related to weight 
for age or length for age for both male and female infants. 
The lack of relationship between land cultivated and overall 
welfare of infants may be due to the fact that the infants 
0-6 months may not depend directly on food produced on the 
farm. This finding is consistent with the previous 
observation that there is little or no relationship between 
supplementary food intake and the growth variables. 
The assets or possessions owned by the households were 
significantly related to the male Infants' weight for age at 
birth (p <.01) but not at six months. Conversely, assets 
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were significantly related to the weight for age of female 
Infants at six months but not at birth. Length for age was 
not related to assets for these Infants. 
The education of the household heads was not 
significantly related to the growth Indicators for either 
gender at the two Identified ages. The skill level of the 
household head was only significantly related to the weight 
for age of male Infants at birth. 
There was no significant relationship between cash 
Income and the growth variables. The amount of cash 
reported was small and made little difference for these 
households. The households In the study were engaged In 
subsistence farming and few of the household heads had 
employment or earned cash outside their own farm. In 
addition. It Is likely that many households did not consider 
money coming out of their small farms as Income and 
therefore did not report It. 
Collectively, the SES Indicators did not seem to exert 
much Influence on growth. Because the families appeared 
uniformly poor, with Inadequate resources, the effects on 
growth were negllble. 
Summary 
The growth of Infants between birth and six months 
certainly Is due to a multiplicity of factors and Isolating 
any one factor as a cause Is difficult. The pattern of 
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growth of the Embu Infants Is even more difficult to 
explain. A low length for age seems to be prevalent and 
could not be explained by the amount of nutrients consumed 
through supplementary feeding alone. The infants, 
exhibiting low length for age, gave every indication of 
classical stunting. 
A possible explanation is that the infants were 
undergoing a period of rapid rate of growth but the needs 
for nutrients for many of the infants were not adequately 
satisfied. Other research in third world countries shows 
that infants may be able to regulate their intake of 
breastmilk to correspond to the high growth rate in the 
first three months of life. However, this compensatory 
mechanism may not match the high nutritional demands at this 
period and may be constrained by mother's lactation capacity 
(Rowland, 1985). The number of infants observed as having a 
low length for age (less than the 5th percentile) at birth, 
and the subsequent increase in this number through the sixth 
month may serve to support this observation. 
Socioeconomic status did not seem to influence greatly 
the growth of these infants, particularly at six months. 
The families studied were essentially of low socioeconomic 
status. It is likely that the community studied lacks 
enough economic stratification for socioeconomic status to 
affect growth significantly. 
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The growth status of male Infants was affected by the 
socioeconomic status of the family to a greater extent than 
for female infants. The male infants may have been 
experiencing greater rates of growth so that the effect of a 
reduced intake in total kilocalories was likely to show up 
faster in male infants. Hence, the ability to feed an 
infant adequately, whether through breastmilk or a 
combination of breastmilk and supplementary foods, appeared 
to be affected greatly by the socioeconomic status of the 
family. 
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SUMMARY AND RECOMMENDATIONS 
Chronic mild-to-moderate malnutrition Is the most 
prevalent form of undernutrition among children In less 
developed countries. The children affected seem to be at as 
high a risk of poor growth as their more severely 
malnourished peers. Because the poor growth of children 
appears to start early in life, this research was targeted 
at infants. The purpose of this study was to examine the 
growth pattern characteristics of infants from birth to six 
months in a rural area in Kenya. The intent of the study 
also was to seek explanations for the infants' pattern of 
growth. 
Data were collected by the Nutrition Collaborative 
Research Support Project in Kenya from 1984 to 1986. 
Specifically, this study pertained to the subsample of 133 
households out of the 247 households in the entire study 
with infants born Into the study and followed for a period 
of six months. The sample was selected from three 
sublocations of Kyenl South Location in Embu District, in 
.the Eastern Province of Kenya. This sample was selected 
carefully to meet specific criteria for the study but was 
believed to be representative of typical households in Embu. 
The target individuals for this study were the infants 0-6 
months and their mothers. Household information was 
provided by either the lead male (head of household) or the 
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lead female. 
Due to the longitudinal nature of the study, different 
survey instruments or data forms were developed to 
correspond to the different areas of information needed. 
For this study, data analysis centered on information 
collected in the following areas: infant supplementary food 
intake, infant anthropometry, female anthropometry, 
household socioeconomic status, and adult literacy. 
Food intake data were collected through direct weighing 
and volume measurement of both the ingredients used in food 
preparation and the actual food consumed. Food waste was 
estimated in determining food consumed. Partial recall was 
utilized when recording foods that were consumed in the 
absence of the enumerator. This food information was 
collected on two consecutive days in a month. The actual 
food consumed was translated into nutrients consumed by 
utilizing a variety of food nutrient data bases. The food 
consumed thus was expressed in average daily nutrient 
intakes. In this study, only the infant supplementary food 
intake was assessed using kilocalories and protein. 
The anthropometry data included weight and height or 
length measurements. For the infants, weight was obtained 
within 72 hours after birth and then weight and length 
measurements were obtained from seven to nine days after 
birth. In addition, infant weight and length measurements 
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were taken monthly from the first through the sixth month. 
The female measurements were obtained monthly during 
pregnancy and monthly during the six months postpartum. 
Length, rather than height, was obtained for the 
Infants using a portable wooden length measuring board, 
while standing height for the mothers was obtained by using 
the lightweight Nlvotoise measuring device. Weight for the 
infants was obtained by using the Heath Digital Scale 
through the welghlng-by-difference method (that is, by first 
weighing the mother or caretaker alone and then while 
holding the Infant). 
A select number of variables were chosen from a large 
number of socioeconomic status variables. Those selected 
were believed to be strongly influential in reflecting the 
social and economic well being of the families. These 
variables were: number of acres of land owned, number of 
acres of land cultivated, quality of housing, assets, cash 
Income, education of the household head, and skill level of 
the household head. 
Literacy was assessed through a reading and writing 
test and the scores recorded individually for each test. 
The adult males and females were tested on their reading and 
writing ability based on established levels of formal 
education in Kenya. There were twelve levels, corresponding 
to Standard One through Standard Seven and Form One through 
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Form Four plus a level Indicating literacy beyond Form Four. 
Therefore, the expected scores ranged from one to twelve. A 
literacy score was computed In this study by taking the 
average of the two scores. 
Data were summarized using frequencies and means. The 
crosstabs procedure was used to determine the distribution 
of Infants within the various percentile categories. 
Correlations were computed between the growth Indices, 
household socioeconomic factors, and the maternal factors at 
birth and at six months. 
A majority of the households In this sample were of 
the Embu tribe. The average family size was 6.7 persons per 
household. These families were still reproductlvely active 
and the average age of the female parent was 30 years. 
The majority of the households had low Incomes. 
Approximately 43% did not own land and for those who did the 
average amount owned was 2.5 acres. In addition, a great 
number of the household heads were not employed off the farm 
and did not own businesses. Data from the literacy tests 
showed higher literacy levels among the men (Standard Six 
level). However, an examination of the entire adult sample 
showed that the majority were literate at the Standard One 
to Four range. 
The growth pattern of Infants was evaluated against the 
WHO reference data using the three Indices: weight for age. 
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length for age, and weight for length. Most of the Infants 
In this study were fully mature, as depicted by the mean 
gestational age of 39 weeks. Data showed that 23.9% of the 
males and 24.5% of the female infants had birth weights that 
were below the 20th percentile of their weight for age. 
Between birth and five months the percentage below the 5th 
percentile was within the 5% range. However, this 
percentage rose sharply to 15% for both males and females at 
the sixth month indicating an increase in the number of 
infants whose weight started to falter. 
There was a tendency toward slowing of skeletal growth 
when the infants' growth pattern was evaluated using the 
length for age index. This trend may have started before 
birth for some of the infants. About 43% of the male and 
41% of the female infants had lengths that were below the 
20th percentile at birth. Within this group, about 14% had 
lengths for age that were below the 5th percentile. This 
trend continued so that the number of infants below the 5th 
percentile increased with age to a high of 57.2% for males 
and 37.7% for females at six months. These infants may be 
exhibiting classical stunting. 
A possible explanation for this pattern of growth may 
be that there was inadequate nutrient intake at a time when 
rate of growth is supposed to be very high. Data showed 
that some infants had started to feed on other food besides 
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breastmllk as early as the second month. However, the total 
food Intake may not have been sufficient to meet the great 
demand for nutrients. An additional constraining factor may 
have been poor lactation performance on the part of the 
mother. There Is also a strong possibility that other 
environmental factors such as Infection may be confounding 
to produce the poor growth. The low weight for age observed 
among the Infants may partly be accounted for by the low 
length for age. 
The weight for length Index, though not adequate by 
Itself, tended to normalize the growth pattern so that the 
Infants' nutritional status at the time of the study was 
generally satisfactory. Weight for length normally detects 
the presence of Immediate nutritional problems. Hence, when 
the weight of Infants was viewed In relation to length, the 
Infants can be said to have had no major physiological 
stress at the time of the measurement. However, It Is 
possible to reduce the rate of linear growth, resulting in a 
low length for age, but still maintain a normal weight for 
length (Martorell, 1986). The slowing of linear growth for 
these Infants appears to be the more plausible explanation. 
Overall, there were significant relationships observed 
between weight for age and gestational age, the 
socioeconomic Indicators of assets, quality of housing, and 
the skill level of the household head at birth for the male 
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Infants. The newborn female Infants only exhibited a 
relationship between weight for age and gestational age, and 
land owned. At six months, weight for age was correlated 
significantly with land owned for the male Infants and with 
assets for the female Infants. Length for age was 
correlated significantly with quality of housing and land 
owned for the female Infants at birth. However, land 
ownership was Important for the male Infants' length for age 
at six months. The weight for length Indicator did not 
correlate significantly with most of the selected explaining 
variables. 
On the whole, a low length for age seemed to be 
prevalent among the Infants studied. The male Infants were 
particularly at risk for poor growth. There was a definite 
shift In the distribution of Infants among percentile 
categories so that more Infants at each age were clustered 
at the lower end of the scale. This observed trend may have 
been due to a slowing of rate of growth as result of the 
Inability to meet the high nutrient demands that are common 
at this period. The ability to feed an Infant adequately Is 
often a function of the socioeconomic status of the family. 
The majority of the households In this study were of low 
socioeconomic status and this may serve to explain the large 
number of Infants that depicted a low length for age. 
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Recommendations 
This study revealed that the poor growth often observed 
among toddlers In Kenya starts early In life. In the first 
half of Infancy It would be expected that breastmllk would 
contribute greatly to total food Intake. Further research 
is needed to determine the lactation performance of mothers 
such as those in this study and to determine the adequacy of 
breastmllk consumed by the Infants, in addition, there may 
be a need to help mothers plan for more frequent feedings to 
ensure adequate milk Intake by Infants to sustain early 
growth. A follow up study also may help to determine 
whether there are cultural or social and economic problems 
limiting breastfeeding as a source of nutrients for the 
infants. 
The process of stunting for the Infants in this study 
seemed to begin right after birth and continued through the 
sixth month. These same children, unfortunately, were not 
studied as they grew older. Hence, the risk implications of 
becoming stunted for these children cannot be determined in 
later childhood. An Important study would be to follow 
children from birth through their fifth year. Such an 
extended study would provide information on how children 
modify their growth patterns to cope with undernutrition and 
Identify the risk factors for children. 
The growth performance of the male Infants seemed to be 
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less than that of the female infants and relatively poor 
compared to that of the reference population. There is need 
for further research to determine the specific constraints 
affecting the growth of male infants. More extensive 
socioeconomic information would make posible a more complete 
analysis of the effects of socioeconomic status on infant 
growth. 
A longitudinal study such as the one on which this 
study is based needs to be replicated on a larger and more 
representative sample of healthy infants so that growth 
norms can be generated, both for attained growth and for 
increments in growth. This data base would be more relevant 
in the individual assessment of infants in clinical settings 
and in making comparisons for larger populations in Kenya. 
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APPENDIX A. PERCENTAGE WEIGHT FOR AGE DISTRIBUTION 
BY AGE AND SEX 
Percentage weight for age distribution by age and sex 
Age Sex N. <3rd 
>3rd 
Tsth 
>5th 
Tioth o
 o
 
>20th 
<30th 
>30th 
<40th 
0 
month 
Male 
Female 
41 
61 
5.6 
1.6 
1.4 
1.6 8.2 
16.9 
13.1 
15.5 
9.8 
4.2 
9.8 
1 
month 
Male 
Female 
72 
56 
2.8 
3.6 
2.8 5.6 
5.4 
11.1 
17.9 
16.7 
10.7 
13.9 
5.4 
2 
months 
Male 
Female 
73 
56 
— — — 1.4 
1.8 
6.8 
1.8 
9.6 
5.4 
4.1 
12.5 
13.7 
5.4 
3 
months 
Male 
Female 
75 
54 
1.3 
1.9 
1.3 
1.9 
4.0 
3.7 
9.3 
5.6 
12.0 
7.4 
8.0 
11.1 
4 
months 
Male 
Female 
71 
59 1.7 
4.2 9.9 
3.4 
2.8 
16.9 
18.3 
6.8 
14.1 
13.6 
5 Male 71 2.8 2.8 9.9 19.7 12.7 11.3 
months Female 57 3.5 12.3 12.3 17.5 7.0 
6 Male 66 9.1 6.1 6.1 18.2 15.2 16.7 
months Female 53 11.3 3.8 7.5 15.1 17.0 7.5 
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>40th >50tn >60tn >70th >80th >90th >95th >97th 
<50th <60th 770th 780th <90th 795th <97th 
12.7 4.2 5.6 14.1 14.1 5.6 
11.5 9.8 3.3 8.2 16.4 1.6 1.6 3.3 
9.7 11.1 4.2 8.3 5.6 2.8 2.8 2.8 
17.9 1.8 7.1 3.6 16.1 3.6 7.1 
12.3 21.9 9.6 4.1 9.6 2.7 2.7 1.4 
12.5 10.7 21.4 7.1 8.9 5.4 1.8 5.4 
14.7 10.7 9.3 14.7 10.7 2.7 1.3 
3.7 11.1 18.5 16.7 1.9 7.4 9.3 
16.9 5.6 11.3 7.0 7.0 1.4 1.4 
5.1 13.6 8.5 13.6 8.5 3.4 3.4 1.7 
14.1 8.5 7.0 1.4 7.0 2.8 
15.8 3.5 7.0 3.5 10.5 3.5 — - 3.5 
7.6 6.1 6.1 4.5 1.5 1.5 1.5 
3.8 5.7 11.3 5.7 5.7 1.9 3.8 
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APPENDIX B. PERCENTAGE LENGTH FOR AGE DISTRIBUTION 
BY AGE AND SEX 
Percentage length for age distribution by age and sex 
Age Sex N. <3rd 
>3rd 
75th 
>5th 
<10th o
 o
 
>20th 
<30th 
>30th 
<40th 
0 
month 
Male 
Female 
46 
48 
6.5 
10.4 
6.5 
4.2 
13.0 
4.2 
17.4 
20.8 
8.7 
16.7 
8.7 
10.4 
1 
month 
Male 
Female 
72 
55 
22.2 
18.2 
6.9 
3.6 
13.9 
14.5 
15.3 
12.7 
13.9 
14.5 
5.6 
9.1 
2 
months 
Male 
Female 
72 
57 
8.3 
15.8 
16.7 
7.0 
12.5 
8.8 
11.1 
24.6 
9.7 
12.3 
16.7 
10.5 
3 
months 
Male 
Female 
75 
54 
13.3 
16.7 
8.0 
5.6 
20.0 
11.1 
20.0 
14.8 
10.7 
5.6 
8.0 
16.7 
4 
months 
Male 
Female 
69 
57 
18.8 
15.8 
7.2 
8.8 
20.3 
15.8 
29.0 
28.1 
8.7 
10.5 
5.8 
1.8 
5 Male 68 23.5 10.3 26.5 17.6 7.4 5.9 
months Female 56 17.9 7.1 19.6 21.4 17.9 3.6 
6 Male 63 52.4 4.8 19.0 11.1 4.8 3.2 
months Female 53 22.6 15.1 17.0 20.8 11.3 7.5 
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>40th 
750th 
>50th 
<60th 
>60th 
770th 
>70th 
780th 
>80th 
<90th 
>90th 
795th 
>9Sth 
797th 
>?7th 
10.9 
8.3 
4.3 
10.4 
8.7 
6.3 
8.7 
4.2 
4.3 2.2 
4.2 
8.3 
5.5 
8.3 
9.1 
1.4 
5.5 
1.4 
1.8 
1.4 
3.6 
1.4 
1.8 
5.6 
3.5 
8.3 
3.5 
1.4 
5.3 
8.3 
5.3 
1.4 
1.8 1.8 
8.0 
14.8 
2.7 
3.7 
6.7 
3.7 3.7 
2.7 
3.7 
2.9 
8.8 
1.4 
3.5 
2.9 
1.8 
1.4 
1.8 
1.4 
3.5 
4.4 
1.8 
1.5 
5.4 
2.9 
5.4 
1.6 
1.9 
3.2 
1.9 1.9 
— — —  
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APPENDIX C. PERCENTAGE WEIGHT FOR LENGTH DISTRIBUTION 
BY AGE AND SEX 
Percentage weight for length distribution by age and sex 
Age Sex N. <3rd 
>3rd 
<5th 
>5th 
<10th o
 o
 
S-
S >20th 
<30th 
>30th 
<40th 
0 
month 
Male 
Female 
26 
23 4.3 
3.8 
8.7 
7.7 15.4 
4.3 
3.8 
8.7 13.0 
1 
month 
Male 
Female 
63 
49 —  — —  2.0 6.1 
4.8 
4.1 
4.8 1.6 
4.1 
2 
months 
Male 
Female 
72 
56 
—  — —  1.4 1.4 2.8 
—  —  —  
2.8 
1.8 
3 
months 
Male 
Female 
75 
54 —  — —  
2.7 1.3 
1.9 
4.0 
1.9 
4.0 
5.6 
4 
months 
Male 
Female 
69 
57 
—  —  —  
—  —  —  
—  —  —  2.9 4.3 
3.5 
4.3 
7.0 
5 
months 
Male 
Female 
68 
56 
—  —  1.5 
1.8 
7.4 
3.6 
2.9 8.8 
1.8 
6 
months 
Male 
Female 
63 
53 
1.6 —  —  —  
1.9 
3.2 
7.5 
3.2 
5.7 
4.8 
1.9 
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>40th 
750th 
>50th 
760th 
>60th 
770th 
>70th 
780th 
>80th 
790th 
>90th 
795th 
>95th 
<97th 
>97th 
7.7 
4.3 
15.4 
21.7 
19.2 
13.0 
15.4 
17.4 
7.7 
4.3 
3.8 
1.6 11.1 
14.3 
15.9 
12.2 
9.5 
16.3 
20.6 
16.3 
14.3 
12.2 
15.9 
12.2 
1.4 
3.6 
12.5 
8.9 
9.7 
17.9 
12.5 
8.9 
19.4 
12.5 
9.7 
17.9 
5.6 
10.7 
20.8 
17.9 
2.7 
7.4 
5.3 
5.6 
6.7 
9.3 
17.3 
16.7 
9.3 
13.0 
12.0 
7.4 
4.0 
7.4 
30.7 
24.1 
4.3 
3.5 
8.7 
12.3 
8.7 
10.5 
11.6 
8.8 
15.9 
10.5 
11.6 
17.5 
8.7 
3.5 
18.8 
22.8 
5.9 7.4 4.4 14.7 16.2 5.9 4.4 20.6 
5.4 7.1 19.6 16.1 10.7 5.4 14.3 14.3 
4.8 11.1 4.8 12.7 15.9 11.1 11.1 15.9 
7.5 7.5 3.8 9.4 18.9 5.7 30.2 
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APPENDIX D. GENTILE DISTRIBUTION OF NUTRITIONAL 
INDICATORS AT 2-MONTH INTERVALS BOTH 
SEXES COMBINED (%) 
Centile distribution of nutritional indicators at 2-month 
Intervals both sexes combined (%) 
Nutritional Tsrcl TsïE >10th >20th 
Age indicators N <3rd <5th <10th <20th <30th 
0 wt. for age 132 3.8 1.5 3.8 15.1 12.9 
months 
length for age 94 8.5 5.3 8.5 19.1 12.7 
wt. for length 49 2.0 6.1 4.1 10.2 6.1 
2 wt. for age 129 1.6 4.7 7.8 7.8 
months 
length for age 129 11.6 12.4 10.9 17.l 10.9 
wt. for length 128 0.8 0.8 1.6 
4 wt. for age 130 0.8 2.3 6.9 9.2 13.1 
months 
length for age 126 17.5 7.9 18.3 28.6 9.5 
wt. for length 126 ——— ——— ——— 1.6 4.0 
6 wt. for age 119 10.1 5.0 6.7 16.8 16.0 
months 
length for age 116 38.8 9.5 18.1 15.5 7.8 
wt. for length 116 0.9 0.9 5.2 4.3 
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>30th >40th >SOth >60tb >70th >80th >90th >95th 
<40th 750th 760th 770th 780th <90th <95th 797th -
6.8 12.0 6.8 4.6 11.4 15.1 3.8 0.7 1.5 
9.6 9.6 7.4 7.4 6.4 2.1 3.2 
6.1 6.1 18.4 16.3 16.3 6.1 2.0 
10.1 12.4 17.0 14.7 15.4 9.3 3.9 2.3 3.1 
14.0 4.7 6.2 3.1 7.0 1.6 0.8 
2.3 2.3 10.9 13.3 10.9 16.4 13.3 7.8 19.5 
13.8 11.5 9.2 10.0 10.0 7.7 1.5 
4.0 5.6 2.4 2.4 1.6 2.4 
5.6 4.0 10.3 9.5 10.3 13.5 14.3 
12.6 5.9 5.9 8.4 5.0 2.5 1.7 
5.2 0.9 0.9 2.6 0.9 
3.4 6.0 9.5 4.3 11.2 17.2 8.6 
2.3 1.5 
6.3 20.6 
0.8 2.5 
6.0 22.4 
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APPENDIX E. CORRELATIONS BETWEEN GESTATIONAL AGE AND 
THE GROWTH INDICATORS FROM BIRTH TO SIX 
MONTHS 
Correlations between gestational age and the growth Indicators from birth to six 
months 
Growth Indicators Gender 
0 1 
Age of Infants In months 
2 3 4 5 6 
Weight for age Male .45*** .33** .26* .26* .15 .21* .08 
Female .55*** .36** .32** .35** .36** .37** .21 
Length for age Male .45*** .37*** .34** .29** .12 .26* .03 
Female .42** .38** .31* .41*** .28* .29* .16 
*p <.05. 
**p <.01. 
***p <.001. 
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APPENDIX P. ANTHROPOMETRY DATA FORM 
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APPENDIX G. FOOD INTAKE DATA SHEETS 
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APPENDIX H. SOCIOECONOMIC STATUS QUESTIONNAIRE 
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APPENDIX I. ADULT LITERACY TEST DATA FORM 
NUTRITION CRSP - KENT* PROJECT P.O. Bo> 1002, Embu CONFIDENTIAL 
ADULT LITERACY TEST 
COttlENTS 
DY MO 
FORM 5_^ 1_ 
MO: 1 2 3 
VISIT _0 _l COUNTRY 2_ 
4 S 6 
TI'# NAME 
HOUSEHOLD 
MO: 7 8 9 10 
ENUMERATOR'S NAME 
TT DATE 
11 12 13 14 » lé 
YR 
17 
EMUH STATUS 
18 19 20 21 
NlMlng Data, UM 0,00, ctc. Not appllcabl*. 
uaa. 9, -9, etc. 
READING TEST (l-PASS. 2-FAIL) 
. . n  22 
n  23 
n  24 
n  25 
n  26 
.  n  27 
.  n  28 
.  n  29 
- n  30 
- n  31 
n  32 
WRITING TEST (l-PASS, 2-FAIL) 
• 33 
• 34 
• 35 
• 36 
• 37 
• 38 
• 39 
P 40 
• 41 
• 42 
• 43 
ASSESSMENT OF READING 
BILITY 
SSESSMENT OF WRITING 
BILITY 
• 
• 
44 
45 
ASSESSMENT OP READING ABILITY 
(1 - GOOD. 2 - FAIR, 3 - POOR) 
1. Good " fluaat; rapM raadlng; accurate Ideatlflcatioa 
af Horde. 
2. Fair • «mrde eccuretely reed efter etueblleg for more 
them 45 aeconda; so aaaleteace seeded (rem 
euMlaer; elow, poaderoue reedteg. 
3. Poor - word# left out; eake for help; Inacurate uorde 
weed; etuekllec for more than 60 aecoade 
and needa proaptias by the eiaaiaer 
ASSESSMENT OP WRITING ABILITY 
(1 - GOOD, 2 - FAIR, 3 - POOR) 
1. Good " quick reproductio# with 2 or leas error#. 
2. Fair " three errors is reproductios; atwablis* 
over epellisg for mere thas 4S aecosda; 
so aeeieteace sseded fro# exesiser. 
3. Poor " sore then 3 errore in reproductios; uorde 
left out; eaaietasce eaked for; givea up. 
to 
o 
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APPENDIX J. PREGNANCY OUTCOME DATA FORM 
(Includes Entry for Birth Weight) 
NUmmONCRSP - KENYA PROJECT w wm coMnooniM. 
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